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a. Give the definition of a homogeneous function. [2] 
b. What are order and degree of a differential equation? [2] Given the differential equation 


y™ +4 (y")? +(y')? = sine 


Give its degree and order. [2] Is this equation homogeneous? [1] 


c. A primitive gives rise to a differential equation. Explain how the primitive y = Ax? + Br +C 


gives rise to the differential equation ae = 0. [3] 


Solution. 
a. A function f(z, y) is said to be homogeneous of degree n if f(Ax, Ay) = A” f (az, y). 
# 
b. The order of a differential equation is the order of its highest derivative. 
# 
The degree of a differential equation is the degree of its highest ordered derivative. 
ta 
The degree is 1, and the order 4. 
i 
The equation is not homogeneous. 
i 
c. ; 
<Y _2Ar+B 
dx 
d*y 
— 5 =2A 
dx? 
d3 
BY; 3% 
dx3 
i 


. Explain what sequence and series are. When are they said to be arithmetic?, when geometric? 
[6] 

. Given an arithmetic series, 1+3+5+7+---. What is the value of the n* term? Find the 
value of the 50° term. What is the sum of the first n term? Find the sum of the first 50 
terms. [4] 

. Given a geometric series, 1 + $ + + + 5 +... What is the value of the n*® term? Find the 
value of the 50°" term. What is the sum of the first n terms? Find the sum of the first 50 
terms. What is the sum to infinity, that is to say, Soo? [5] 


Solution. 
a. A sequence is a list of number following a definite pattern. A series is the sum of the terms 


of sequence. They are said to be arithmetic if each of their terms is obtained from the term 
immediately preceding it by an addition of some constant. They are said to be geometric if 
each of their terms is obtained from the previous term by a multiplication of some constant. 

# 
. From what is given, a = 1 and d = 2. The value of the n‘® term is then T;, = a + (n —1)d = 
1+ (n — 1)2d, while that of the 50° term Ts5y = 1+ (50 —1)2 = 99 The sum of the first 
n terms is S, = 5 (2a +(n—1)d) = § (2 +(n—1)2), and the sum of the first 50 terms is 
S50 = 3 (2(1) + (50 — 1)2) = 2500. 


# 
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c. From the given geometric series, a = 1 and r = 4. Then T, = ar”! = (4 es Ts0 = 
Sad 2 2 
50-1 a(1—r” 1-(3 50 _ 
(3) = ge, Sy = SG) = SY = 2 (1), Soo = 2(1- gs) = Spat and 8,5 = 
a 1 
I-r ~ 1-5 2 
# 


a. Give the formula for finding the present value of compound interest. Let the annual interest 
rate be 10 per cent. What is the present value of 1,000 Bahts in ten years’ time? [4] 

b. What is the present value at the end of n conversion periods in t years? Here m is the number 
of conversion periods per year. Find the present value of 1,000 Bahts in five years’ time, when 
m =5 and z= 10 per cent. [4] 

c. Compare the present values obtained from (a) and (b), and discuss the difference between 
them. [2] 


Solution. 
a. The formula for the present value of compound interest is pp = po(1+7)’. From what is given, 
i =0.1, pop = 1000 and t = 5. Therefore, ps = 1000(1 + 0.1)° = 1610.51. 
# 
b. The present value of compound interest at the end of n = mt conversion period is py = 
Po (1 + ae From what is given, 7 = 0.1, m = 5, pp = 1000 and t = 5. Therefore ps; = 
1000 (1 + Oo) = 1485.95 Bahts. 


it 
it 


Cc. pt > Pt,m 


a. What is the average or mean value of an integrable function f(x) on [a,b]? [2] 

b. What is an integrable function? [2] Give an example of a function that is not integrable on 
some range. [2] 

c. Consider a (2 x 2) system of linear equations in the slope-intercept form, 


y= mrt by 


y = mga + bg 


Give conditions for the system to have a unique solution, no solutions, and infinitely many 
solutions. [4] 


Solution. 
a. The average or mean value is 


b 
—/ f(x)dx 
# 


b. An integrable function is a function whose value never becomes infinitely large on the range 
of interest. 


it 
it 


c. The system has a unique solution when m; 4 mz, no solutions when 6; 4 be, and an infinite 
number of solutions when m, = mg and 6; = bo. 


The function f(x) = + is not integrable over the range [—1, 1]. 


# 


a. Explain revenue and elasticity mathematically and verbally. [1] Explain marginal and average 
costs both mathematically and also in words. [1] 

b. Give the condition for a° = 1 to be true. [1] 

c. The following is a formal definition of limit. 
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For a function f(x), limp+a f(x) = 1 if and only if for every € > 0, there exists 6 > 0 such 
that |f(a) — 1| < « whenever 0 < |x — a] <6. 


Explain in words what we mean by this. Give your answer both in English and in Thai. [1] 
d. What is a cut algorithm? [1] In the following solved example, identify all pivot elements and 
explain in detail how the problem was solved. [5] 
maximise: z= 227,+ 22 
subject to: 22, + 522 < 17 
321 Tr 2x2 < 10 


with: 21,22 non-negative and integral 


Use cut algorithm. 
Solution 
Find the first approximation of Programme 1 normally using the simplex method. 


X1 x x3 v4 
2 1 0 0 
r3 0 2 5 1 0 LG 
v4 0 3 wy) 0 1 10 
-2 -1 0 0 0 


Since x < a we know that 3 is the pivot element, and therefore we replace the basic variable 
v4 with 7}. 


Bal v2 v3 v4 
3 a ee } 
n 1 2 0 3} : 
oF 0 | 3 


x _ 10 eR ON Ee *x _ 20 : * * 7 ‘ 
We have xj = 3, 23 = 3, VT = 74 = 0 and 2* = 4. Since both xj and 23 are non-integers, 


arbitrarily choose the former to generate a new constraint. Then our Programme 2 becomes, 


ae 10+ og 
a a Cy = = t 
SOP a ese 3 
y) 1 Eas 
271 LZ. = xv 
Beg a : 
9 1 LL so 
Boge Anta 
Ber a aS 

Pe ee 

ge grees 

2% +44 >1 


and our new programme becomes 


maximise: z= 27, +%2+ 0273+ 0x4 
11 2 31 


subject to: = 
subject to 3 2 34 3 
Ey 2 1 10 
Ly 372 gua 3 
2%2 +44 >1 


with: all variables non-negative and integral 


ry XQ v3 v4 Ba) v6 
2 1 0 0 0 —-M 
Ly 0 1 2 0 3 0 0 2% 
r3 0 0 y 1 —2 0 0 4 
r6 —-M 0 2 0 1 -1 1 1 
-2 -1 0 0 0 0 0 
0 -2 0 -1 ac -1 -1 
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Now 22 replaces zg in the basic variables and becomes the pivot element. 


1 v2 v3 v4 5 U6 
v1 1 0 0 $ —3 3 
a3 0 1 is ui i 1 
ra ee ee ! 
2 0 0 4¢ -- 4 ! 
0 0 0 0 0 0 0 
This becomes, 
Ty v2 v3 LA v5 
X1 1 0 0 0 3 3 
x3 0 0 1 —3 ¥ ¥ 
tty 0 1 0 2 Ak u 
a oe 2 
Then our first approximation of Programme 2 is «7 = 3, £3 $ xe iu, xv, = «5 = 0, and 
= B. Arbitrarily choose x3 to generate the new constraint. 
ie 1 Le at 
v2 gv gs = 5) 
1 1 1 
On te 
1 1 1 Sa 
Ye es = 
94 95 a= 
t4—-2%5>1 
Then our Programme 3 becomes, 
maximise: z= 2%, +2%2+02%3 + 0x4 + Ov5 
1 
subject to: 2, + 3% =3 
rr Thy AG 
mee a toa, a 
1 1 
Pa Gta GS = 5 
t4—-%5>1 
with: all variables non-negative and integral 
We draw our table for this programme. 
1 v2 v3 v4 U5 v% T7 
2 1 0 0 0 0 —M 
v1 0 1 0 0 0 5 0 0 3 
x2 0 0 1 0 4 —4 0 0 $ 
x3 0 1 0 0 -3 i 0 0 u 
x7 —M 0 0 0 1 -1 -1 1 1 
-2 -1 0 0 0 0 0 0 
0 0 0 -1 1 1 -1 -1 


Then 2x4 replaces the basic 77 to become the pivot element. 
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Ly xr x3 x4 x5 x6 
ry 1 0 0 0 $ 0 3 
rp 0 1 0 0 0 3 0 
r3 1 0 0 3 -3 11 
La 0 0 0 1 = : 1 
2 al 0 0 0 0 0 
Next, x; remains basic and becomes a pivot element. 
pal 2 X3 T4 U5 XG 
Ly 1 0 0 0 5 0 3 
re 0 1 0 0 0 4 0 
v3 0 0 0 0 -1 —3 8 
r4 0 0 0 1 =f Ba 1 
0 -1 0 0 $ 0 6 
This becomes 
pal v2 X3 TA v5 XG 
v1 1 0 0 0 $ 0 3 
x2 0 1 0 0 4 0 
13 0 0 0 0 -1 —3 8 
r4 0 0 0 1 1 = 1 
0 0 0 0 $ 5 6 


The optimum point for Programme 3 is then, cj = 3, 73 = 8, 77 = 1, %§ = «3 = 2% = 0 
and z* = 6. Therefore the solution to the original problem Programme 1 is xj = 3, 73 = 0 at the 
objective value z* = 6. 


# 
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